The first record of monogenean parasites of the genus Macrogyrodactylus Malmberg, 1957 on freshwater fish in Senegal is presented. Macrogyrodactylus congolensis Prudhoe, 1957 from the skin and Macrogyrodactylus heterobranchii N'Douba et Lambert, 1999 from the gills of Clarias anguillaris L. were found, representing new host records for these parasites. On Polypterus senegalus Cuvier, three Macrogyrodactylus species were identified, Macrogyrodactylus polypteri Malmberg, 1957, Macrogyrodactylus simentiensis sp. nov. and Macrogyrodactylus sp. M. simentiensis sp. nov. can be readily distinguished from the other Macrogyrodactylus species by the size of its hamuli and the shape of its marginal hook sickles. The marginal hooks on the anterolateral lobes of M. simentiensis differ in size and shape from those on the posterior margin of the haptor. Measurements and drawings of the haptoral sclerites of all five identified species are provided.
Introduction
Macrogyrodactylus Malmberg, 1957 , a genus of viviparous monogeneans endemic to Africa, includes eight species to date. Macrogyrodactylus polypteri Malmberg, 1957 was described from the fins and skin of Polypterus senegalus Cuvier from Gambia (Malmberg 1957) , later recorded on the same host species in the Sudan (Khalil 1964 (Khalil , 1969 (Khalil , 1970 Amirthalingam 1965) and also on Polypterus bichir Geoffroy in the Sudan (Saoud and Mageed 1969) . Macrogyrodactylus congolensis Prudhoe, 1957 was found on the skin of Clarias lazera Cuvier et Valenciennes in ZaVre, and was also recorded from Clarias mossambicus Peters in Uganda (Thurston 1970 , Paperna 1979 . C. lazera and C. mossambicus are currently synonyms of Clarias gariepinus Burchell. Macrogyrodactylus clarii Gussev, 1961 was described from the gills of Clarias sp. in Ethiopia (Gussev 1961) , and noted on C. lazera in Ghana (Paperna 1969) and Egypt (El-Naggar and Serag 1987) , and on Clarias anguillaris L. in Nigeria (Shotter 1980) . Macrogyrodactylus heterobranchii N'Douba et Lambert, 1999 from the gills of Heterobranchus longifilis Valenciennes was identified in the Ivory Coast. Macrogyrodactylus congolensis karibae Douëllou et Chishawa, 1995 was recorded for the first time on the gills of C. gariepinus in Zimbabwe and described as a subspecies of M. congolensis by Douëllou and Chishawa (1995) . Khalil and Mashego (1998) proposed the elevation of this subspecies to species status and named it Macrogyrodactylus karibae. There are three other known Macrogyrodactylus species: Macrogyrodactylus latesi Paperna, 1969 from Lates niloticus L., M. anabanti Paperna, 1973, and M. ctenopomi Paperna, 1973 from Ctenopoma muriei Boulanger. All these three last-named species were described on the basis of a single specimen and designated by Khalil and Mashego (1998) as a "species inquirenda". There is no previous record of any species of Macrogyrodactylus from Senegal (Khalil and Polling 1997) .
This paper presents the first finding of monogeneans of the genus Macrogyrodactylus on freshwater fishes in Senegal and includes a detailed description of a new species.
Materials and methods
In a survey of fish parasites in several localities in the Niokolo Koba National Park, Senegal (West Africa), grey bichir, Polypterus senegalus (n = 5; mean total length 28.1 ± 9.3 cm) and mudfish, C. anguillaris (n = 10; mean total length 21.4 ± 9.8 cm) were collected from the area of Mare Simenti (13°01´8½N, 13°17´7½W), a large shallow temporary oxbow lake seasonally connected to the river Gambie, situated close to the Poste Simenti (Fig. 1 ). Fish were caught by nets and transported to the laboratory established at Poste Simenti where fish dissection and examination for the presence of par- asites were carried out. The identification of host species was done according to Paugy et al. (2003) . Macrogyrodactylus specimens were removed from the fins, body surfaces and gills of the host fish and fixed using a mixture of glycerine and ammonium-picrate (Malmberg 1970) . The morphological analysis of collected Macrogyrodactylus spp. specimens was carried out in the Laboratory of Parasitology, Department of Botany and Zoology, Masaryk University Brno, Czech Republic. The comparative analysis of haptoral hard parts was performed using a phase-contrast microscope (Olympus BX51) and the sclerites of all collected specimens were drawn with the aid of a drawing attachment. Sixteen characteristics of the haptoral sclerites were measured by a digital image analysis system (MicroImage 4.0 Olympus) and are shown in Figure 2 . These characters were: hamulus total length (HTL), hamulus point length (HPL), hamulus shaft length (HSL), hamulus root length (HRL), length of the anterolateral arm of the ventral bar (LALA), length of the posterior central arm of the ventral bar (LPCA), total length of the ventral bar (TLVB), width of the ventral bar (WVB), length of the dorsal bar (LDB), width of the ventral bar (WDB), length of the ventral bar rod R1 (LR1), length of the ventral bar rod R2 (LR2), total length of the marginal hook (TLMH), length of the marginal hook handle (LMHH), length of the marginal hook sickle (LMHS), and proximal width of the marginal hook sickle (PWMHS). In the descriptions of parasites, the mean values, standard deviation and range in parentheses of measured characters are presented. All measurements are in micrometres unless otherwise stated. The identification of Macrogyrodactylus specimens was based on Malmberg (1957) , Khalil and Mashego (1998) , N'Douba and Lambert (1999) , and also by comparison with the drawings and measurements carried out on type material Remarks: Macrogyrodactylus simentiensis is the smallest macrogyrodactylid. Other differences are found in the shapes of the hamuli complex, of the ventral bar and the marginal hook sickles. The shape of the hamuli of M. simentiensis is most similar to that of M. karibae, but the shape and size of the ventral bars differ significantly. The cirrus was recorded in only one specimen. We concluded that the measured parasites were mature, as four specimens contained an embryo in the uterus and the female reproductive system has been found nearly well-developed. Fig. 4A ; Table I) Description: Total length of hamulus 243 ± 17.8 (222-260), hamulus root length 93 ± 6.1 (86-101), hamulus shaft length 191 ± 13 (173-202), hamulus point length 64 ± 5.7 (56-69). Dorsal bar divided 11 ± 0.5 (11-12) long, 39 ± 1.6 (39-41) wide. Total length of ventral bar: 76 ± 3.4 (71-79), width of ventral bar: 66 ± 4.2 (60-70), anterolateral arm 36 ± 2.1 (33-38) long, posterior central arm 9 ± 1.6 (7-11) long. Length of ventral bar rods: R1 131 ± 7.8 (121-140), R2 70.7 ± 0.5 (70-71). Marginal hook 8.8 ± 0.8 (7-9) long, proximal width 7.1 ± 0.7 (6-8). Length of marginal hook handle 54.5 ± 1.2 (52-57), total length of marginal hook 65.
Macrogyrodactylus polypteri Malmberg, 1957 (
Host: Polypterus senegalus Cuvier (Polypteriformes, Polypteridae).
Locality: Mare Simenti, 13°01´8½N, 13°17´7½W.
Site: Fins. Number of studied specimens: 3. Remarks: The shape of the hamuli and the marginal hooks of our specimens are identical with those in drawings by Malmberg (1957) and Øehulková (2005) . Measurements of the hard parts of the haptor of our specimens correspond to measurements of M. polypteri by Malmberg (1957) , see Table I . Host: Polypterus senegalus Cuvier (Polypteriformes, Polypteridae).
Locality: Mare Simenti, 13°01´8½N, 13°17´7½W. Site: Skin. Number of studied specimens: 2. Remarks: Due to the limited number of studied specimens, the full description of this new species is not presented here. The size of the haptoral sclerites is similar to M. simentiensis sp. nov. (Table I ). These two species can be discriminated by the shape of their hamuli: more massive and different inclination in the curvature of the root for Macrogyrodactylus sp. compared to M. simentiensis sp. nov., and by the shape of the Remarks: This is a new host record for M. congolensis. The shapes of the marginal hooks and hamuli of M. congolensis collected during the present study (Fig. 5A ) were found to be identical with those of the paratype specimens obtained from NHM in London. The measurements made on our material and on the type material are compared with measurements provided by Khalil and Mashego (1998) in Table II . Fig. 5B ; Table II) Description: Total length of hamulus 394 ± 9.7 (381-408), hamulus root length 172 ± 6.2 (162-178), hamulus shaft length 337 ± 10.4 (320-346), hamulus point length 106 ± 4.7 (98-110) . Dorsal bar divided 14.5 ± 1.1 (13-16) long, 64 ± 15.4 (38-75) wide. Total length of ventral bar 130 ± 2.5 (127-133), width of ventral bar 109 ± 10.2 (99-124), anterior lateral arm 14 ± 2.3 (11-17) long, posterior central arm 58 ± 3.1 (53-61) long. Length of ventral bar rods: R1 172 ± 7 (163-180), R2 139 ± 5.3 (133-146) . Marginal hook 16 ± 0.7 (15-17) long, proximal width 15.3 ± 0.8 (13-15) . Length of marginal hook handle 88.5 ± 4.1 (84-95), total length of marginal hook 104 ± 4.4 (98-110 (Table II) : the hamulus shaft length, the hamulus point length, the length of the posterior central arm and the total length of the marginal hook. The total length of the hamulus of our specimens was not comparable to the value obtained from the original description but this was attributed to differences in measurement technique. However, when hamuli of the paratype specimen of M. heterobranchii (no MNHN 574 HF, slide Tk 91) were re-measured as shown in Fig. 2 , similar measurements were obtained (paratype/our specimen: total length 353/381 µm; hamulus root length 176/174 µm; hamulus shaft length 298/320 µm; hamulus point length 95/98 µm).
Macrogyrodactylus heterobranchii N'Douba et Lambert, 1999 (

Discussion
The description of M. simentiensis sp. nov. brings the total number of known Macrogyrodactylus species to nine. The present findings of Macrogyrodactylus species also represent the first record of viviparous monogenean parasites in Senegal. In the present study, M. simentiensis is described from P. senegalus, also the type host of M. polypteri which was also found during the present investigation. These two species differ markedly in the size and to a lesser in the shape of the hamuli complex.
The finding of M. congolensis and M. heterobranchii on C. anguillaris represents new host records for these monogenean species. Identification of Clarias spp. is difficult due to intraspecific morphological variability and requires a great deal of experience. The most similar species to C. anguillaris is C. gariepinus (synonyms C. lazera and C. mossambicus) and in a sympatric area of their distribution, it is nearly impossible to distinguish between them (M. Reichard, Inst. Vertebr. Biol., ASCR, Brno; pers. comm.). However, our identification is supported by the fact that the studied locality is situated within the area of distribution of C. anguillaris only (Paugy et al. 2003) .
Present measurements of the haptoral sclerites of M. congolensis show no overlap with those given by Khalil and Mashego (1998) , except in the hamulus shaft length and the hamulus point length. The measurements of the hard parts of the haptors of M. congolensis specimens obtained from the NHM were larger than those of our specimens (see Table II ). However, the shapes of the hamuli and the marginal hook sickles were the same. In this case, the differences in size of haptoral parts could be affected by the size of the host fish, the age of measured parasite specimens in both studies, or seasonal variability in the size of these haptoral hard parts.
In 1970, Khalil described the development of embryos in the uterus of M. polypteri and concluded that development of the haptoral sclerites is nearly identical in macrogyrodactylids and Gyrodactylus spp. (Ergens 1965a, b) . At first, elements of the marginal hook sickles are visible in a single ring, and later develop into marginal hooks each composed of a sickle and a handle. The hamuli appear as two small straight rods that become thicker and slightly curved and continue to develop from the point to the root. We propose that the succession in the development of the complex of sclerites on the haptor, the 
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Iva PÍikrylová and Milan Gelnar features of the marginal hook, and the point and shaft lengths of the hamuli are the most useful for species identification of macrogyrodactylids. In the present study, the shapes of marginal hook sickles of different Macrogyrodactylus species were analysed in detail and proved to be a powerful tool for species identification in Macrogyrodactylus. Therefore, we suggest that this haptoral feature should be used in future descriptions of new species of this genus.
